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[57] ABSTRACT

A wavelorm shaping apparatus includes a comparing device
for comparing a sensor output signal with a threshold
voltage to convert the sensor output signal into a wavetform
shaped signal. The comparing device outputs the waveform
shaped signal. The waveform shaping apparatus also
includes a frequency-to-voltage converting device for gen-
erating the threshold voltage in response to a frequency of
the output signal from the comparing device. In the
frequency-to-voltage converting device, a clock signal 1s
generated 1n response to the output signal from the compar-
ing device. The clock signal has a period proportional to a
period of the output signal from the comparing device. A
counting device 1s operative for counting pulses 1n the clock
signal generated by the clock signal generating device for
every given period, and outputting a signal representing a
counted pulse number depending on the frequency of the
output signal from the comparing device. A D/A converting
device 1s operative for converting the output signal from the
counting device into a voltage signal which depends on the
counted pulse number. The threshold voltage 1s generated in
response to the voltage signal generated by the D/A con-
verting device.

7 Claims, 9 Drawing Sheets
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VALUABLE THRESHOLD WAVEFORM
SHAPING APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to an apparatus for shaping the
waveform of an electric signal such as a sensor output
signal.

2. Description of the Prior Art

Some of automotive engines are equipped with engine
speed sensors or crank angle sensors. A known waveform
shaping apparatus compares the voltage of the output signal
of such a sensor with a threshold voltage, and thereby shapes
the waveform of the output signal of the sensor 1nto a binary
form or a digital form.

The amplitude of such an engine-related sensor tends to
increase as the engine speed rises. It 1s known to increase the
threshold voltage in the waveform shaping apparatus in
accordance with an increase 1n the engine speed. This design
1s to remove noise such as i1gnition noise from the binary
version (the digital version) of the sensor output signal.

SUMMARY OF THE INVENTION

It 1s an object of this invention to provide an improved
waveform shaping apparatus.

A first aspect of this invention provides a wavelorm
shaping apparatus comprising a) comparing means for com-
paring a sensor output signal with a threshold voltage to
convert the sensor output signal into a wavelform shaped
signal, and outputting the waveform shaped signal; and b)
frequency-to-voltage converting means for generating the
threshold voltage in response to a frequency of the output
signal from the comparing means; wherein the frequency-
to-voltage converting means comprises bl) clock signal
generating means for generating a clock signal 1n response
to the output signal from the comparing means, the clock
signal having a period proportional to a period of the output
signal from the comparing means; b2) first counting means
for counting pulses 1n the clock signal generated by the clock
signal generating means for every given period, and output-
fing a signal representing a counted pulse number depending
on the frequency of the output signal from the comparing
means; b3) D/A converting means for converting the output
signal from the first counting means 1nto a voltage signal
which depends on the counted pulse number; and b4) means
for generating the threshold voltage 1 response to the
voltage signal generated by the D/A converting means.

A second aspect of this invention 1s based on the first
aspect thereof, and provides a waveform shaping apparatus
wherein the clock signal generating means comprises period
measuring means for measuring a period of the output signal
from the comparing means, and converting means for gen-
erating the clock signal 1n response to the period measured
by the period measuring means.

A third aspect of this mvention 1s based on the second
aspect thereof, and provides a waveform shaping apparatus
wherein the period measuring means comprises edge detect-
ing means for detecting every edge 1n the output signal from
the comparing means, second counting means for counting
pulses 1 a fixed-frequency signal during a time interval
between moments at which a last edge and an 1mmediately
preceding edge are detected by the edge detecting means
respectively, the period measuring means being operative
for measuring the period of the output signal from the
comparing means in response to a counted pulse number
related to the second counting means.

10

15

20

25

30

35

40

45

50

55

60

65

2

A fourth aspect of this invention 1s based on the third
aspect thereof, and provides a waveform shaping apparatus
wherein the period measuring means comprises averaging
means for averaging a plurality of last counted pulse num-
bers related to the second counting means into an average
counted pulse number, the period measuring means being
operative for measuring the period of the output signal from
the comparing means 1n response to the average counted
pulse number.

A fifth aspect of this mvention 1s based on the second
aspect thereof, and provides a waveform shaping apparatus
whereln the sensor output signal 1s generated 1n response to
rotation of a rotatable member having teeth, and further
comprising missing-teeth detecting means for detecting a
teethless area of the member 1n response to the output signal
from the comparing means, and means for inhibiting the
period measured by the period measuring means from being
updated when a teethless area 1s detected by the missing-
teeth detecting means.

A sixth aspect of this invention i1s based on the second
aspect thereof, and provides a waveform shaping apparatus
wherein the converting means comprises third counting
means for counting pulses 1n a fixed-frequency signal having
a period shorter than the given period, and means for
comparing the period measured by the period measuring
means and a counted pulse number related to the third
counting means to generate the clock signal.

A seventh aspect of this mmvention provides a waveform
shaping apparatus comprising a) comparing means for com-
paring a sensor output signal with a threshold voltage to
convert the sensor output signal into a waveform shaped
signal, and outputting the waveform shaped signal; and b)
frequency-to-voltage converting means for generating the
threshold voltage in response to a frequency of the output
signal from the comparing means; wherein the frequency-
to-voltage converting means comprises bl) clock signal
generating means for generating a clock signal in response
to the output signal from the comparing means, the clock
signal having a period proportional to a period of the output
signal from the comparing means; b2) counting means for
down-counting pulses 1n the clock signal generated by the
clock signal generating means from an 1nitial value for every
ogrven period, and outputting a signal representing a down-
counted pulse number depending on the frequency of the
output signal from the comparing means; b3) a D/A con-
verting means for converting the output signal from the
counting means 1nto a voltage signal, the D/A converting
means comprising means for generating a given reference
voltage; b4) voltage-to-current converting means for con-
verting a voltage difference between the voltage signal and
the given reference voltage generated by the D/A converting
means 1nto a corresponding current signal; and b5) means
for generating the threshold voltage 1n response to the
current signal generated by the voltage-to-current convert-
Ing means.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram of a prior-art waveform shaping
apparatus.

FIG. 2 1s a block diagram of a waveform shaping appa-
ratus according to a first embodiment of this mvention.

FIGS. 3(a)-3(g) are a time-domain diagram of signals and
parameters 1n the waveform shaping apparatus of FIG. 2.

FIG. 4 1s a block diagram of a portion of a waveform
shaping apparatus according to a second embodiment of this
invention.
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FIG. 5 1s a diagram of a portion of a waveform shaping
apparatus according to a third embodiment of this invention.

FIG. 6 1s a diagram of a sensor.

FIG. 7 1s a time-domain diagram of the output signal from
the sensor 1n FIG. 6.

FIG. 8 1s a block diagram of a portion of a waveform
shaping apparatus according to a fourth embodiment of this
invention.

FIGS. 9(a)-9(e) are a time-domain diagram of signals in
the waveform shaping apparatus of FIG. 8.

FIG. 10 1s a block diagram of an edge detector in FIG. 8.

FIGS. 11(a)-11(c) are a time-domain diagram of signals
and a parameter 1 the edge detector of FIG. 10.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A prior-art wavelorm shaping apparatus will be described
hereinafter for a better understanding of this invention.

With reference to FIG. 1, a prior-art waveform shaping
apparatus follows a sensor 1 outputting an analog signal.
The prior-art waveform shaping apparatus includes a com-
parator 2. The non-inverting input terminal of the compara-
tor 2 receives the output signal of the sensor 1. The 1nverting
input terminal of the comparator 2 1s subjected to a threshold
voltage. The device 2 compares the voltage of the output
signal of the sensor 1 with the threshold voltage, thereby
shaping the waveform of the output signal of the sensor 1
into a binary form or a digital form. Thus, the comparator 2
converts the output signal of the sensor 1 1nto a correspond-
ing binary signal or a corresponding digital signal. The
comparator 2 outputs the resultant binary signal (the result-
ant digital signal). The binary signal 1s transmitted from the
comparator 2 to an external device (not shown) via an output
terminal 3.

Specifically, the output signal of the comparator 2 changes
from a low-level state to a high-level state when the voltage
of the output signal of the sensor 1 rises across the threshold
voltage. The output signal of the comparator 2 changes from
the high-level state to the low-level state when the voltage
of the output signal of the sensor 1 drops across the threshold
voltage.

The prior-art waveform shaping apparatus of FIG. 1
includes analog switches 4 and § connected to the inverting
input terminal of the comparator 2. The analog switches 4
and § are turned on and off (closed and opened) in response
to the output signal of the comparator 2. The analog switch
4 1s connected to a constant voltage source 6 for generating
a constant voltage. The analog switch § 1s connected to a
frequency-to-voltage converter (an F/V converter) 10.

When the output signal of the comparator 2 1s in a
high-level state, the analog switch 4 1s 1n 1ts on state and the
analog switch § 1s 1n 1ts off state. Accordingly, 1n this case,
the constant voltage across the constant voltage source 6 1s
applied via the analog switch 4 to the iverting input
terminal of the comparator 2 as the threshold voltage. When
the output signal of the comparator 2 1s 1n a low-level state,
the analog switch 4 1s 1n 1ts off state and the analog switch
5 1s m 1ts on state. Accordingly, 1n this case, the output signal
of the F/V converter 10 1s applied via the analog switch 5 to
the 1nverting input terminal of the comparator 2 as the
threshold voltage.

In the prior-art wavetform shaping apparatus of FIG. 1, the
F/V converter 10 includes a one-shot multivibrator 11 which
responds to the output signal of the comparator 2. The
one-shot multivibrator 11 outputs a pulse of a given width in
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response to each rising edge 1n the output signal of the
comparator 2. The output signal of the one-shot multivibra-
tor 11 1s applied to the control terminal of an analog switch
14. A constant current source 15 1s connected via the analog
switch 14 to a capacitor 12. A resistor 13 1s connected 1n
parallel with the capacitor 12. When a pulse 1n the output
signal of the one-shot multivibrator 11 occurs, the analog
switch 14 1s 1n 1ts on state so that a constant current I flows
from the constant current source 15 into the capacitor 12 via
the analog switch 14. Thus, 1n this case, the capacitor 12 1s
charged by the constant current I. In the absence of a pulse
in the output signal of the one-shot multivibrator 11, the
analog switch 14 1s 1n 1ts off state so that the capacitor 12 1s
disconnected from the constant current source 15.

Thus, 1n this case, the capacitor 12 1s discharged through
the resistor 13. The voltage across the capacitor 12 1s fed to
the analog switch § as the output signal of the F/V converter

10.

In the prior-art waveform shaping apparatus of FIG. 1, the
voltage of the output signal of the F/V converter 10 increases
as the frequency of the output signal of the comparator 2
(that is, the frequency of the output signal of the sensor 1)
rises. As previously described, the output signal of the F/V
converter 10 1s applied to the comparator 2 as the threshold
voltage when the output signal of the comparator 2 1s 1n the
low-level state. On the other hand, the threshold voltage
applied to the comparator 2 1s provided by the constant
voltage source 6 when the output signal of the comparator 2
1s 1n the high-level state.

There 1s a hysteresis which corresponds to the difference
between the threshold voltage provided by the constant
source voltage 6 and the threshold voltage provided by the
F/V converter 10. Since the voltage of the output signal of
the F/V converter 10 increases as the frequency of the output
signal of the sensor 1 rises, the hysteresis depends on the
frequency of the output signal of the sensor 1.

In the prior-art waveform shaping apparatus of FIG. 1, the
F/V converter 10 1s of the analog type so that the threshold
voltage provided by the F/V converter 10 tends to be

affected by the parameters of parts or elements composing,
the F/V converter 10).

Generally, the time constant decided by the capacitance C
of the capacitor 12 and the resistance R of the resistor 13 is
set to several tens of milliseconds or longer. Accordingly, the
threshold voltage provided by the F/V converter 10 can not
quickly follow an abrupt change in the frequency of the
output signal of the sensor 1. Since the capacitance C of the
capacitor 12 and the resistance R of the resistor 13 generally
depend on the temperatures thereof, the threshold voltage
provided by the F/V converter 10 has a certain temperature
dependency.

First Embodiment

With reference to FIG. 2, a waveform shaping apparatus
follows a sensor 1 outputting an analog signal. The sensor 1
1s, for example, a rotational engine speed sensor or a crank
angle sensor outputting an analog signal having a frequency
depending on a rotational engine speed

The waveform shaping apparatus of FIG. 2 includes a
comparator 2. The non-inverting input terminal of the com-
parator 2 receives the output signal of the sensor 1. The
inverting 1nput terminal of the comparator 2 1s subjected to
a threshold voltage. The device 2 compares the voltage of
the output signal of the sensor 1 with the threshold voltage,
thereby shaping the waveform of the output signal of the
sensor 1 mto a binary form or a digital form. Thus, the
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comparator 2 converts the output signal of the sensor 1 1nto
a corresponding binary signal or a corresponding digital
signal. The comparator 2 outputs the resultant binary signal
(the resultant digital signal). The binary signal is transmitted
from the comparator 2 to an external device (not shown) via
an output terminal 3.

Specifically, the output signal of the comparator 2 changes
from a low-level state to a high-level state when the voltage
of the output signal of the sensor 1 rises across the threshold
voltage. The output signal of the comparator 2 changes from
the high-level state to the low-level state when the voltage
of the output signal of the sensor 1 drops across the threshold
voltage.

The waveform shaping apparatus of FIG. 2 mcludes
analog switches 4 and 5 connected to the mverting input
terminal of the comparator 2. The analog switches 4 and 5
are turned on and off (closed and opened) in response to the
output signal of the comparator 2. The analog switch 4 is
connected to a constant voltage source 6 for generating a
constant voltage. The analog switch 5 1s connected to a
frequency-to-voltage converter (an F/V converter) 20.

When the output signal of the comparator 2 1s in a
high-level state, the analog switch 4 1s 1n its on state and the
analog switch 5 1s 1n 1ts off state. Accordingly, in this case,
the constant voltage across the constant voltage source 6 1s
applied via the analog switch 4 to the inverting input
terminal of the comparator 2 as the threshold voltage. When
the output signal of the comparator 2 1s 1n a low-level state,
the analog switch 4 1s in 1ts off state and the analog switch
5 1s 1n 1ts on state. Accordingly, 1n this case, the output signal
of the F/V converter 20 1s applied via the analog switch 5 to
the inverting input terminal of the comparator 2 as the
threshold voltage.

As shown 1n FIG. 2, the F/V converter 20 includes an
oscillator 21 having a quartz-crystal resonator. The oscillator
21 1s preferably of the temperature-compensated type. The
oscillator 21 outputs a signal having a preset frequency. The
oscillator 21 1s followed by frequency dividers 22. The
devices 22 subject the output signal of the oscillator 21 to
frequency dividing processes, thereby converting the output
signal of the oscillator 21 1nto signals S1, S2, and S3 having
orven frequencies and given periods respectively. The fre-
quency dividers 22 output these signals S1, S2, and S3. The
frequency-divider output signal S1 is fed to an n-bit counter
23, where “n” denotes a given natural number. Pulses 1n the
signal S1 are counted by the counter 23. The frequency-
divider output signal S2 is fed to an n-bit counter 24. Pulses
in the signal S2 are counted by the counter 24. The
frequency-divider output signal S3 1s used to provide a
timing of the latching by a D-type flip flop (D-F/F) 25 or a
timing of the updating of the threshold voltage. The period
of the frequency-divider output signal S1 1s longer than the
period of the frequency-divider output signal S2 and 1s
shorter than the period of the frequency-divider output
signal S3. For example, the periods of the frequency-divider
output signals S1, S2, and S3 are equal to 64 usec, 2 usec,
and 7,040 usec respectively.

In the case where the period of the output signal of the
comparator 2 1s shorter than that in this embodiment, the
period of the frequency-divider output signal S1 i1s some-
times shorter than the period of the frequency-divider output
signal S2.

The F/V converter 20 includes an edge detector 26
following the comparator 2. The device 26 detects every
rising edge 1n the output signal of the comparator 2. The
edge detector 26 1s connected to the counter 23 and an n-bit
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D-type flip flop (D-F/F) 27. The counter 23 is followed by
the D-type flip flop 27. The device 23 counts pulses 1n the
frequency-divider output signal S1, generating and output-
ting a signal representing the counted pulse number. Upon
the occurrence of every rising edge 1n the output signal of
the comparator 2, the edge detector 26 enables the D-type
flip flop 27 to latch the output signal of the counter 23.
Immediately after the output signal of the counter 23 1is
latched by the D-type flip tlop 27, the edge detector 26 resets
the counter 23 to an 1nitial state corresponding to a counted
pulse number of “0”. Accordingly, the counter output signal
latched by the D-type flip flop 27 represents the number of
pulses 1n the frequency-divider output signal S1 which occur
during the time 1nterval between the moments of the occur-
rence of the last rising edge and the immediately preceding
rising edge 1n the output signal of the comparator 2. The
D-type tlip flop 27 outputs the latched pulse number signal
to a clamp circuit or a limiter 28.

The clamp circuit (the limiter) 28 subjects the output
signal of the D-type flip flop 27 to a limiting process, thereby
making the output signal of the D-type flip flop 27 into a
limiting-resultant signal. The clamp circuit (the limiter) 28
outputs the limiting-resultant signal. The pulse number
represented by the output signal of the clamp circuit (the
limiter) 28 is limited to within a range between a given upper
limit value and a given lower limit value. The upper limat
value 1s preset to correspond to a first given rotational engine
speed, for example, 45 rpm, 1in consideration of the reliabil-
ity of the output signal of the sensor 1. The lower limit value
1s preset to correspond to a second given rotational engine
speed higher than the first given rotational engine speed 1n
consideration of a noise margin. The second given rotational
engine speed 1s equal to, for example, 900 rpm. This setting
provides a suilicient noise margin related to the threshold
voltage when the rotational engine speed 1s equal to 900 rpm
or higher. It should be noted that the pulse number repre-
sented by the output signal of the D-type flip flop 27
decreases as the rotational engine speed increases. Also, the
limiting process by the clamp circuit (the limiter) 28 pre-
vents a counter 30 1n a later stage from overflowing.

The device 24 counts pulses 1n the frequency-divider
output signal S2, generating and outputting a signal repre-
senting the counted pulse number. A first mput terminal of
a digital comparator 29 receives the output signal of the
clamp circuit (the limiter) 28. A second input terminal of the
digital comparator 29 receives the output signal of the
counter 24. The output terminal of the digital comparator 29
1s connected to the clock terminal of the counter 30. The
output terminal of the digital comparator 29 1s also con-
nected to the clear terminal of the counter 24 via an OR gate
31. The frequency-divider output signal S3 is transmitted via
the OR gate 31 to the clear terminal of the counter 24. The
device 29 compares the pulse numbers represented by the
output signals of the clamp circuit (the limiter) 28 and the
counter 24. When the pulse number represented by the
output signal of the counter 24 reaches the pulse number
represented by the output signal of the clamp circuit (the
limiter) 28, the digital comparator 29 outputs a positive-
going voltage change (a low-to-high voltage change). The
positive-going voltage change (the low-to-high voltage
change) travels to the clear terminal of the counter 24 via the
OR gate 31, and clears or resets the counter 24 to an initial
state corresponding to a counted pulse number of “0”. As
understood from the previous description, the digital com-
parator 29 outputs a pulse each time the pulse number
represented by the output signal of the counter 24 reaches
the pulse number represented by the output signal of the
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clamp circuit (the limiter) 28. The counter 24 is also cleared
or reset 1n response to the frequency-divider output signal

S3.

The counter 30 following the digital comparator 29 1s of
an m-bit type, where “m” denotes a given natural number.
The device 30 up-counts pulses outputted from the digital
comparator 29, and generates and outputs a signal repre-
senting the counted pulse number. The counter 30 1s fol-

lowed by the D-type flip flop (D-F/F) 25 of an m-bit type.
The clock terminal of the D-type flip flop 25 and the clear
terminal of the counter 30 are subjected to the frequency-
divider output signal S3. The D-type flip flop 25 latches the
output signal of the counter 30 (the pulse number signal
outputted from the counter 30) at a timing of the occurrence
of every rising edge 1n the frequency-divider output signal
S3. Immediately after the output signal of the counter 30 (the
pulse number signal outputted from the counter 30) is
latched by the D-type flip tlop 25, the counter 30 1s cleared
or reset by the frequency-divider output signal S3 to an
initial state corresponding to a counted pulse number of “0”.
The D-type flip tlop 25 outputs the latched pulse number
signal to a D/A (digital-to-analog) converter 32. The D/A
converter 32 changes the output signal of the D-type flip flop
25 1nto a corresponding analog voltage signal. The D/A
converter 32 outputs the resultant analog voltage signal to
the analog switch 5. When the analog switch 5 1s 1n its on
state, the output signal of the D/A converter 32 1s applied to
the comparator 2 via the analog switch 5 as the threshold
voltage.

FIG. 3(a) shows an example of the waveform of the
output signal from the sensor 1. With reference to FIG. 3(a),
the frequency of the output signal from the sensor 1
Increases as time goes by since the rotational engine speed
rises. As previously described, the voltage of the output
signal from the sensor 1 1s compared with the threshold
voltage by the comparator 2. In FIG. 3(a), the broken line
TH1 denotes the threshold voltage provided by the constant
voltage source 6, and the dot-dash line TH2 denotes the
threshold voltage provided by the F/V converter 20. The
threshold voltage TH1 provided by the constant voltage
source 6 remains fixed. On the other hand, the threshold
voltage TH2 provided by the F/V converter 20 increases as
the frequency of the output signal from the sensor 1 rises. As
previously described, one of the voltage generated by the
constant voltage source 6 and the voltage generated by the
F/V converter 20 1s selected as the threshold voltage by the
analog switches 4 and 5.

FIG. 3(b) shows an example of the waveform of the
output signal from the comparator 2. With reference to FIG.
3(a) and FIG. 3(b), the output signal from the comparator 2
changes from a low-level state to a high-level state each time
the voltage of the output signal from the sensor 1 increases
across the threshold voltage TH2 provided by the F/V
converter 20. The output signal from the comparator 2
changes from the high-level state to the low-level state each
time the voltage of the output signal from the sensor 1 drops
across the threshold voltage TH1 provided by the constant
voltage source 6.

As previously described, every rising edge 1n the output
signal of the comparator 2 1s detected by the edge detector
26. Upon the detection of every rising edge 1n the output
signal of the comparator 2, the pulse number signal gener-
ated by the counter 23 is latched by the D-type tlip flop 27.
Accordingly, the output signal of the D-type flip tlop 27 1s
updated each time a rising edge 1n the output signal of the
comparator 2 occurs. Thus, the pulse number represented by
the output signal of the D-type lip flop 27 1s renewed each
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time a rising edge 1n the output signal of the comparator 2
occurs. With reference to the portion (¢) of FIG. 3, the pulse
number represented by the output signal of the D-type flip
flop 27 changes as “nl”, “n2”, “n3”, “n4”, and “n5” 1n
response to rising edges in the output signal of the com-
parator 2. As previously described, the pulse number repre-
sented by the output signal of the D-type tlip flop 27 1s equal
to the number of pulses in the frequency-divider output
signal S1 which occur during the time interval between the
moments of the occurrence of the last rising edge and the
immediately preceding rising edge 1n the output signal of the
comparator 2. With reference FIG. 3(a) and FIG. 3(b) the
pulse numbers n2, n3, n4, and n5 correspond to the time
intervals T2, T3, T4, and T5 between the moments of the
occurrence of rising edges in the output signal of the
comparator 2, respectively. Specifically, the pulse numbers
n2, n3, n4, and n5 indicate the lengths of the time intervals

12, T3, T4, and TS5 respectively.

As previously described, the clamp circuit (the limiter) 28
subjects the output signal of the D-type tlip flop 27 to the
limiting process, thereby making the output signal of the
D-type flip flop 27 into the limiting-resultant signal. The
clamp circuit (the limiter) 28 outputs the limiting-resultant
signal. The pulse number represented by the output signal of
the clamp circuit (the limiter) 28 is limited to within the
gIven range.

As previously described, the device 24 counts pulses 1n
the frequency-divider output signal S2, generating and out-
putting a signal representing the counted pulse number. The
device 29 compares the pulse numbers represented by the
output signals of the clamp circuit (the limiter) 28 and the
counter 24. When the pulse number represented by the
output signal of the counter 24 reaches the pulse number
represented by the output signal of the clamp circuit (the
limiter) 28, the digital comparator 29 outputs a positive-
going voltage change (a low-to-high voltage change). The
positive-going voltage change (the low-to-high voltage
change) travels to the clear terminal of the counter 24 via the
OR gate 31, and clears or resets the counter 24 to an initial
state corresponding to a counted pulse number of “0”. FIG.
3(d) shows an example of the waveform of the output signal
of the digital comparator 29. With reference to FIG. 3(d), the
digital comparator 29 outputs a pulse each time the pulse
number represented by the output signal of the counter 24
reaches the pulse number represented by the output signal of
the clamp circuit (the limiter) 28. The counter 24 is also
cleared or reset in response to the frequency-divider output
signal S3.

As previously described, the device 30 up-counts pulses
outputted from the digital comparator 29, and generates and
outputs a signal representing the counted pulse number. The
D-type tlip flop 25 latches the output signal of the counter 30
(the pulse number signal outputted from the counter 30) at
a timing of the occurrence of every rising edge in the
frequency-divider output signal S3. Immediately after the
output signal of the counter 30 (the pulse number signal
outputted from the counter 30) is latched by the D-type flip
flop 25, the counter 30 1s cleared or reset by the frequency-
divider output signal S3 to an 1nitial state corresponding to
a counted pulse number of “0”. At the same time, the counter
24 1s cleared or reset by the frequency-divider output signal
S3 to an imtial state corresponding to a counted pulse
number of “0”. The frequency-divider output signal S3 has
a waveform such as shown in FIG. 3(¢).

FIG. 3(f) indicates the pulse number represented by the
output signal of the counter 30. With reference to FIG. 3(d),
FIG. 3(e) and FIG. 3(f), the pulse number represented by the
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output signal of the counter 30 1s incremented by “1” 1n
response to every pulse in the output signal of the digital
comparator 29. The pulse number represented by the output
signal of the counter 30 1s reset to “0” by every pulse in the
frequency-divider output signal S3. The output signal of the
counter 30 1s latched by the D-type tlip flop 25 immediately
before being reset. With reference to FIG. 3(f), the pulse
number represented by the output signal of the counter 30
immediately before the resetting of the counter 30 changes
as “m1”, “m2”, and “m3”. Therefore, as shown in FIG. 3(g),
the pulse number represented by the output signal of the
D-type flip tlop 25 changes from m1 to m3 through m2. The
pulse number represented by the output signal of the D-type
flip tlop 25 1s iteratively updated at a given period Tdac equal
to the period of the frequency-divider output signal S3.

The D/A converter 32 changes the output signal of the
D-type flip flop 25 into a corresponding analog voltage
signal. The D/A converter 32 outputs the resultant analog
voltage signal to the analog switch 5. Thus, the voltage of
the output signal of the D/A converter 32 depends on the
pulse number represented by the output signal of the D-type
flip tlop 25. When the analog switch 5 1s 1n its on state, the
output signal of the D/A converter 32 1s applied to the
comparator 2 as the threshold voltage. The voltage of the
output signal of the D/A converter 32 varies as shown by the

dot-dash line TH2 in FIG. 3(a).

The pulse number represented by the output signal of the
D-type flip flop 27 1s proportional to the period of the output
signal of the comparator 2. The period of the output signal
of the digital comparator 29 1s proportional to a value “N-T”
where N denotes the pulse number represented by the output
signal of the clamp circuit (the limiter) 28 and T denotes the
per1od of the frequency-divider output signal S2. In the case
where the pulse number represented by the output signal of
the D-type flip flop 27 1s 1n the range provided by the clamp
circuit (the limiter) 28, since the pulse number represented
by the output signal of the clamp circuit (the limiter) 28 is
proportional to the period of the output signal of the com-
parator 2, the period of the output signal of the digital
comparator 29 1s also proportional to the period of the output
signal of the comparator 2.

During every period of the frequency-divider output sig-
nal S3, pulses 1n the output signal of the digital comparator
29 1s counted by the device 30. At an end of every period of
the frequency-divider output signal S3, the output signal of
the counter 30 1s latched by the D-type flip flop 25. The
period of the frequency-divider output signal S3 1s denoted
by the character Tdac in FIG. 3(g). Normally, the pulse
number represented by the output signal of the D-type flip
flop 25 1s 1inversely proportional to the period of the output
signal of the comparator 2. In other words, the pulse number
represented by the output signal of the D-type flip flop 25 1s
proportional to the frequency of the output signal of the
comparator 2. Accordingly, the voltage of the output signal
of the D/A converter 32 1s proportional to the frequency of
the output signal of the comparator 2. In this way, the F/V
converter 20 implements frequency-to-voltage conversion.

The period of the output signal of the digital comparator
29 1s determined by the period of the output signal of the
comparator 2. Therefore, the pulse number represented by
the D-type flip flop 25 reflects a mean value (an average
value) of the period of the output signal of the comparator
2 which occurs during the latest time interval Tdac. Thus, a
fime lag or a delay time of a change of the threshold voltage
TH?2 1n response to a variation in the frequency of the output
signal of the comparator 2 1s equal to or shorter than the time
interval Tdac. The time interval Tdac 1s equal to, for example,
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7,040 usec, that 1s, about 7 msec, Accordingly, the threshold
voltage TH2 can quickly follow an abrupt change in the
frequency of the output signal of the comparator 2 (that is,
an abrupt change 1n the frequency of the output signal of the
sensor 1 or an abrupt change in the rotational engine speed).
In the prior-art waveform shaping apparatus of FIG. 1, when
the capacitance C of the capacitor 12 1s equal to 2.2 uF and
the resistance R of the resistor 13 1s equal to 20 K£2, the time
constant provided by the capacitor 12 and the resistor 13 1s
equal to 44 msec. Thus, regarding the prior-art waveform
shaping apparatus of FIG. 1, a time lag or a delay time of a
change of the threshold voltage 1n response to a variation in
the frequency of the output signal of the comparator 2
corresponds to a time 1nterval of 44 msec 1n the case of the
previously-indicated setting of the capacitance C of the
capacitor 12 and the resistance R of the resistor 13.

The output signal of the comparator 2 1s transmitted via
the output terminal 3 to an external device (not shown) such
as an electronic control unit. For example, every falling edge
(every negative-going edge) in the output signal of the
comparator 2 1s used by the electronic control unit as a
reference for a spark timing.

Generally, the accuracy of the threshold voltage applied to
the comparator 2 1s determined by the accuracy of the D/A
converter 32, the accuracy of an offset voltage related to the
comparator 2, and the accuracy of the voltage generated by
the constant voltage source 6. To suppress or remove tem-
perature dependence, 1t 1s preferable that the D/A converter
32 1s of the type including a resistor ladder. In addition, 1t 1s
preferable that the constant voltage source 6 1s of the type
including a voltage divider formed by resistors.
Furthermore, it 1s preferable that the waveform shaping

apparatus of FIG. 2 1s composed of a CMOS IC or CMOS
IC’s.

The counters 23, 24. and 30, the D-type lip flops 25 and
27, the D/A converter 32, and other devices 1n the F/V
converter 20 can be formed by an IC including CMOS
transistors. The waveform shaping apparatus of FIG. 2, a
CPU 1n an electronic control unit for an engine, and other
parts can be made mto a single IC chip. In this case, the

output signal of the oscillator 21 may be replaced by a
system clock signal used in the CPU.

Second Embodiment

FIG. 4 shows a portion of a second embodiment of this
invention which 1s similar to the embodiment of FIGS. 2 and
3(a)-3(g) except for design changes indicated hereinafter.

In the embodiment of FIG. 4, an edge detector 26 1s
connected to a counter 23 and n-bit D-type flip flops (D-F/F)
27a and 27b. The counter 23 1s sequentially followed by the
D-type flip tlop 27a and the D-type tlip flop 27b. The output
terminal of the D-type flip flop 27a 1s connected to the input
terminal of the D-type flip flop 27b and also a first input
terminal of an adder 33. The output terminal of the D-type
flip flop 27b 1s connected to a second 1nput terminal of the
adder 33. The adder 33 1s sequentially followed by a bit shift
circuit 34 and a clamp circuit (a limiter) 28.

The device 23 counts pulses 1n a frequency-divider output
signal S1 (see FIG. 2), generating and outputting a signal
representing the counted pulse number. Upon the occurrence
of every rising edge 1n the output signal of a comparator 2
(see FIG. 2), the edge detector 26 enables the D-type flip flop
27a to latch the output signal of the counter 23. Immediately
after the output signal of the counter 23 1s latched by the
D-type flip flop 27a, the edge detector 26 resets the counter
23 to an inmitial state corresponding to a counted pulse
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number of “0”. Accordingly, the counter output signal
latched by the D-type tlip flop 27a represents the number of

pulses in the frequency-divider output signal S1 (see FIG. 2)
which occur during the time interval between the moments
of the occurrence of the last rising edge and the immediately
preceding rising edge 1n the output signal of the comparator
2 (see FIG. 2). The D-type flip flop 27a outputs the latched

pulse number signal to the D-type flip flop 27b and the adder
33.

Upon the occurrence of every rising edge in the output
signal of the comparator 2 (see FIG. 2), the edge detector 26
enables the D-type flip flop 27b to latch the output signal of
the D-type flip flop 27b. The D-type tlip flop 27b outputs the
latched signal to the adder 33. The output signal of the
D-type tlip tlop 27a represents the latest counted pulse
number while the output signal of the D-type tlip flop 27b
represents the 1mmediately-preceding counted pulse num-
ber. The adder 33 combines the output signals of the D-type
flip flops 27a and 27b, thereby adding the pulse numbers
represented by the output signals of the D-type flip flops 27a
and 27b. The adder 33 generates and outputs a signal
representing the result of the addition of the pulse numbers.
The bit shift circuit 34 following the adder 33 shifts the
output signal of the adder 33 toward an LSB side by one bit,
thereby dividing the pulse number, represented by the output
signal of the adder 33, by two. The bit shift circuit 34
ogenerates and outputs a signal representing the result of the
division of the pulse number by two. In this way, the
combination of the D-type tlip tlops 27a and 27b, the adder
33, and the bit shift circuit 34 serves to generate a signal
representing a mean value (an average value) between the
two last pulse numbers. The output signal of the bit shaft
circuit 34 is fed to the clamp circuit (the limiter) 28 before
being processed thereby.

The embodiment of FIG. 4 may be modified to generate
a signal representing a mean value (an average value)
between the three or more last pulse numbers.

Third Embodiment

FIG. 5 shows a portion of a third embodiment of this
invention which 1s similar to the embodiment of FIGS. 2 and
3(a)-3(g) or the embodiment of FIG. 4 except for design
changes mndicated hereinafter.

In the embodiment of FIG. §, the output terminal of a
digital comparator 29 1s connected to the clock terminal of
a counter 30a. The counter 30a 1s of an m-bit down-count
type, where “m” denotes a given natural number. The device
30a down-counts pulses outputted from the digital compara-
tor 29, and generates and outputs a signal representing the
counted pulse number. The counter 30a 1s followed by a
D-type flip flop (D-F/F) 25 of an m-bit type. The clock
terminal of the D-type tlip flop 25 and the preset terminal of
the counter 30a are subjected to a frequency-divider output
signal S3. The D-type flip tlop 25 latches the output signal
of the counter 30a (the pulse number signal outputted from
the counter 30a) at a timing of the occurrence of every rising
edge 1n the frequency-divider output signal S3. Immediately
after the output signal of the counter 30a (the pulse number
signal outputted from the counter 30a) is latched by the
D-type flip flop 25, the counter 30a 1s preset by the
frequency-divider output signal S3 to an 1nitial state corre-
sponding to a given number. The D-type flip flop 25 outputs
the latched pulse number signal to a D/A (digital-to-analog)
converter 32a. The D/A converter 32a changes the output
signal of the D-type flip flop 25 1nto a corresponding analog
voltage signal. The D/A converter 32a outputs the resultant
analog voltage signal to a voltage-to-current converter 40.
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The D/A converter 32a includes a resistor ladder having,
a given tap 32¢. Areference voltage developed at the tap 32¢
in the resistor ladder 1s transmitted from the D/A converter
32a to the voltage-to-current converter 40. Even when the
pulse number represented by the output signal of a clamp
circuit or a limiter 28 (see FIGS. 2 and 4) is fixed to the
upper limit value of a range provided by the clamp circuit
(the limiter) 28, the voltage of the analog signal outputted
from the D/A converter 32a 1s lower than the reference
voltage transmitted from the D/A converter 32a to the
voltage-to-current converter 40.

The number of times of the execution of the down-
counting by the counter 30a during one period of the signal
S3 1s inversely proportional to the period of the output signal
of a comparator 2. A difference voltage Vdac equal to the
previously-indicated reference voltage minus the voltage of
the analog signal outputted from the D/A converter 32a 1s
pretendedly inversely proportional to the period of the
output signal of the comparator 2. In other words, the
difference voltage Vdac 1s pretendedly proportional to the
frequency of the output signal of the comparator 2. The
difference voltage Vdac 1s converted into a corresponding
current by the device 40.

The voltage-to-current converter 40 includes buflers 41
and 42, an operational amplifier 43, a transistor 44, and
resistors 45, 46, and 47. The non-1nverting input terminal of
the bufler 41 1s subjected to the previously-indicated refer-
ence voltage fed from the D/A converter 32a. The mverting
mput terminal of the buffer 41 1s connected to the output

terminal thereof. The output terminal of the buffer 41 1is
connected to the non-inverting input terminal of the opera-
tional amplifier 43 via the resistor 45. The output terminal of
the buffer 41 1s connected to a first end of the source-drain
path of the transistor 44 via the resistor 47. The non-
inverting mput terminal of the buifer 42 1s subjected to the
analog signal outputted from the D/A converter 32a. The
inverting input terminal of the buifer 42 1s connected to the
output terminal thereof. The output terminal of the buifer 42
1s connected to the non-inverting mput terminal of the
operational amplifier 43 via the resistor 46. The mverting
input terminal of the operational amplifier 43 1s connected to
the junction between the resistor 47 and the transistor 44.
The output terminal of the operational amplifier 43 1is
connected to the gate of the transistor 44. A second end of
the source-drain path of the transistor 44 1s connected to an
analog switch 5. The second end of the source-drain path of
the transistor 44 1s connected via a resistor 48 to the junction
between an analog switch 4 and a constant voltage source 6.

A current Idac which flows through the source-drain path
of the transistor 44 1s proportional to the previously-
indicated difference voltage Vdac. Specifically, the current
ldac is given as “Idac =Vdac'R1/{R3-(R1+R2)}” where R1,
R2, and R3 denote the resistances of the resistors 45, 46, and
47 respectively. The current Idac which flows through the
source-drain path of the transistor 44 1s outputted from the
voltage-to-current converter 40 before flowing through the
resistor 48. When the analog switch 4 1s 1n its off state and
the analog switch § 1s 1n 1ts on state, a threshold voltage
applied to the comparator 2 1s equal to “IdaccR4+V1”. Here,
R4 denotes the resistance of the resistor 48, and V1 denotes
a voltage generated by the constant voltage source 6. In this
case, since the current Idac is given as “Idac =Vdac'R1/{R3-

(R1+R2)}”, the threshold voltage is equal to “Vdac-R1-R4/
{R3-(R1+R2)}+V1”. When the analog switch 4 is in its on

state and the analog switch 3 1s 1n its off state, the threshold
voltage applied to the comparator 2 1s equal to “V1”.

In the above-mentioned structure, the reason why the
reference voltage 1s taken out from the fixed tap 1n the D/A
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converter 32a 1s as follows. The buffers 41 and 42 and the
operational amplifier 43 1n the voltage-to-current converter
40 use VDD as a power supply. In an ordinary operational
amplifier or others, the output voltage thereof can not be set
up to a power supply voltage. Accordingly, a tap voltage,
which 1s lower than VDD by a voltage amount required in
view of a dynamic range of an operational amplifier, 1s made
as a maximum voltage.

The feed of the reference voltage from the D/A converter
32a to the voltage-to-current converter 40 prevents the
operational amplifier 43 from being saturated. Accordingly,
a dynamic range of the operational amplifier 43 1s suitably
maintained.

Fourth Embodiment

As shown 1n FIG. 6, a sensor 1 such as a crank angle
sensor 1ncludes a fixed pickup coil 1la and a rotatable
cgear-like member 1b. Rotation of the gear-like member 15
causes a sensor signal to be outputted. The pickup coil 1a 1s
located near a part of the outer circumferential edge of the
ogear-like member 1b. Basically, teeth are arranged on the
outer circumferential edge of the gear-like member 15 at
equal angular intervals, for example, 10°.

A signal induced across the pickup coil 1la changes as
every tooth on the gear-like member 1b passes through a
region near the pickup coil 1la. Thus, the signal induced
across the pickup coil 1a has a frequency proportional to the
speed of rotation of the gear-like member 1b. The signal
induced across the pickup coil 14 1s used as an output signal
of the sensor 1.

It 1s now assumed that the outer circumferential edge of
the gear-like member 15 has a teethless area (a teeth-missing
area) with an angular dimension corresponding to 30°. In
this case, the period of the output signal of the sensor 1
varies or fluctuates even during rotation of the gear-like
member 15 at a constant speed. Specifically, as shown 1n
FIG. 7, the period of the output signal of the sensor 1 which
corresponds to the teethless area of the gear-like member 15
is three times the period related to the other area (the normal
area) of the gear-like member 1b. As will be described later,
a countermeasure 1s provided to prevent such a variation 1n
the period of the output signal of the sensor 1 from adversely
affecting the control of a threshold voltage.

FIG. 8 shows a portion of a fourth embodiment of this
invention which 1s similar to the embodiment of FIGS. 2 and

3(a)-3(g), the embodiment of FIG. 4, or the embodiment of
FIG. 5 except for design changes indicated hereinafter.

In the embodiment of FIG. 8, a missing-teeth detector 50
receives the output signal of a comparator 2. The missing-
teeth detector 50 1s sequentially followed by a delay circuit
60, an inverter 61, and an AND circuit 62. An edge detector
26 1s connected to the clock terminal of an n-bit D-type flip
flop (D-F/F) 27 via the AND circuit 62. The AND circuit 62
1s closed and opened 1n response to the output signal of the
inverter 61 which originates from the output signal of the
missing-teeth detector 50.

The missing-teeth detector 50 senses a longer period of
the output signal of the comparator 2 as an indication of the
fact that a teecthless areca of the gear-like member 15 1is
passing through a region near the pickup coil 1la in the
sensor 1. When the missing-teeth detector 50 senses a longer
per1od of the output signal of the comparator 2, that 1s, when
the missing-teeth detector 50 senses a teethless area of the
ogear-like member 1b, the missing-teeth detector 50 gener-
ates a gate closing signal. The gate closing signal 1s trans-
mitted from the missing-teeth detector 50 to the AND circuit

10

15

20

25

30

35

40

45

50

55

60

65

14

62 via the delay circuit 60 and the mverter 61. The AND
circuit 62 1s closed by the gate closing signal. In the case

where the AND circuit 62 1s closed, the edge detector 26 1s
inhibited from enabling the D-type flip flop 27 to latch the
output signal of the counter 23 upon the occurrence of every
rising edge 1n the output signal of the comparator 2.
Accordingly, 1n this case, the updating of the output signal
of the D-type tlip flop 27 1s inhibited. Thus, 1t 1s possible to
prevent the output signal of the D-type flip flop 27 from
being adversely affected by the output signal of the com-
parator 2 which occurs 1n response to the teethless area of
the gear-like member 15 1n the sensor 1.

FIG. 9(a) shows an example of the waveform of the
output signal of the comparator 2. As shown 1n the portion
(a) of FIG. 9, the period of the output signal of the com-
parator 2 which corresponds to a teethless area of the
oear-like member 1b 1n the sensor 1 1s longer than that
related to the other area (the normal area) of the gear-like
member 1b. FIG. 9(a), the teethless-arca-related period is
denoted by the character T4 while the normal-area-related
period 1s denoted by the characters T1, 12, T3, T5, and T6.
FIG. 9(b) shows an example of the waveform of the output
signal of the missing-teeth detector 50. With reference to
FIG. 9(a) and FIG. 9(b), the missing-teeth detector 50
outputs a pulse 1n a later part of every teeth-area-related
interval (for example, the teeth-area-related period T4). The
pulse outputted from the missing-teeth detector 50 1s
delayed by the device 60, being 1nverted by the device 61
before reaching the AND circuit 62 as a gate closing pulse.
The AND circuit 62 1s closed by the gate closing pulse. FIG.
9(c) shows an example of the waveform of the output signal
of the edge detector 26. With reference to FIG. 9(a) and FIG.
9(c), the edge detector 26 outputs a pulse at the moment of
the occurrence of every rising edge 1n the output signal of
the comparator 2. FIG. 9(d) shows an example of the
waveform of the output signal of the AND circuit 62 which
1s applied to the D-type flip flop 27. With reference to FIG.
9(a), FIG. 9(c) and FIG. 9(d) under normal conditions, every
pulse outputted from the edge detector 26 1s transmitted to
the D-type flip flop 27 via the AND circuit 62. On the other
hand, a pulse outputted from the edge detector 26 at the end
of every teethless-area-related interval (for example, the
teeth-area-related period T4) is inhibited from reaching the
D-type flip flop 27 since the AND circuit 62 1s closed.
Accordingly, at this time, the updating of the output signal
of the D-type flip flop 27 1s mhibited. FIG. 9(e) shows an
example of a time-domain change i1n the pulse number
represented by the output signal of the D-type tlip tlop 27.
FIG. 9(e), the pulse number represented by the output signal
of the D-type flip flop 27 changes as “nl”, “n2”, “n3”, and
“n5”. With reference to FIG. 9(a) and FIG. 9(e), the pulse
numbers nl, n2, n3, and n5 correspond to the normal-area-
related intervals T1, T2, T3, and T5 respectively. The pulse
number represented by the output signal of the D-type flip
flop 27 1s prevented from reflecting the teethless-area-related
interval T4.

As shown 1n FIG. 10, the missing-teeth detector S50
includes a D-type flip flop (D-F/F) 51, an oscillator 52, a
frequency converter 53, selectors 54 and 55, counters 56 and
57, and an OR circuit 58. The clock terminal of the D-type
flip flop 51 1s subjected to the output signal of the compara-
tor 2 (see FIG. 8). The D input terminal of the D-type flip
flop 51 1s connected to the inverting output terminal thereof.
The non-inverting output terminal of the D-type tlip tlop 51
1s connected to the control terminal of the selector 54 and the
up/down selection terminal of the counter 56. The inverting
output terminal of the D-type flip flop 51 1s connected to the
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control terminal of the selector 55 and the up/down selection
terminal of the counter 57. The output terminal of the
oscillator 52 1s connected to the input terminal of the
frequency converter 53. The output terminal of the oscillator
52 1s also connected to first input terminals of the selectors
54 and 55. The output terminal of the frequency converter 53
1s connected to second input terminals of the selectors 54
and 55. Output terminals of the selector 54 are connected to
the clock terminal and the reset terminal of the counter 56
respectively. Output terminals of the selector 55 are con-
nected to the clock terminal and the reset terminal of the
counter 57 respectively. The BO output terminal of the
counter 56 1s connected to a first input terminal of the OR
circuit 58. The BO output terminal of the counter 57 1is
connected to a second 1nput terminal of the OR circuit 58.
The output terminal of the OR circuit 38 1s followed by the
delay circuit 60 (see FIG. 8).

The oscillator 52 outputs a fixed-frequency clock signal to
the frequency converter 53 and the selectors 54 and 55. The
clock signal outputted from the oscillator 52 has a frequency
“I” of, for example, 80 KHz. The clock signal outputted
from the oscillator 52 1s referred to as the first clock signal.
The frequency converter 53 changes the first clock signal
into a second clock signal having a frequency given as “1/k”,
where “Kk” denotes a given value which can be selected from
among, for example, “27, “2.2”, and “2.4”. Accordingly, the
frequency of the second clock signal 1s lower than the
frequency of the first clock signal. The frequency converter
53 outputs the second clock signal to the selectors 54 and 55.
The first clock signal 1s used by the counters 56 and 57 in
up-counting processes. The second clock signal 1s used by
the counters 56 and 57 1n down-counting processes.

The device 54 selects one of the first and second clock
signals 1n response to the non-inverting output signal from
the D-type flip flop 51. The selector 54 outputs the selected
clock signal to the counter 56. The device 55 selects one of
the first and second clock signals 1n response to the 1nverting
output signal from the D-type flip flop 51. The selector 55
outputs the selected clock signal to the counter 57. When the
device 54 selects the first clock signal, the device 55 selects
the second clock signal. When the device 54 selects the
second clock signal, the device 55 selects the first clock
signal. The selector 54 outputs a reset pulse to the counter 56
when the signal selected by the device 54 changes from the
second clock signal to the first clock signal. The selector 55
outputs a reset pulse to the counter 57 when the signal
selected by the device 55 changes from the second clock
signal to the first clock signal.

The device 56 counts pulses 1 the output signal of the
selector 54. Operation of the counter 56 1s changed between
an up-count mode and a down-count mode 1n response to the
non-inverting output signal from the D-type flip flop 51.
When the output signal of the selector 54 1s equal to the first
clock signal, the operation of the counter 56 i1s 1n the
up-count mode. When the output signal of the selector 54 1s
equal to the second clock signal, the operation of the counter
56 1s 1n the down-count mode. The device 57 counts pulses
in the output signal of the selector 55. Operation of the
counter 57 1s changed between an up-count mode and a
down-count mode in response to the iverting output signal
from the D-type flip flop 51. When the output signal of the
selector 55 1s equal to the first clock signal, the operation of
the counter 57 i1s in the up-count mode. When the output
signal of the selector 55 1s equal to the second clock signal,
the operation of the counter 57 1s in the down-count mode.
The operation of the counter 56 alternates between the
up-count mode and the down-count mode. The operation of
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the counter 57 alternates between the up-count mode and the
down-count mode. In the case where the operation of the
counter 56 1s in the up-count mode, the operation of the
counter 57 1s in the down-count mode. In the case where the
operation of the counter 56 1s in the down-count mode, the
operation of the counter 57 1s 1n the up-count mode.

FIG. 11(a) shows an example of the waveform of the
output signal of the comparator 2. FIG. 11(b) shows an
example of a time-domain variation in the counted pulse

number provided by the counter 56 or the counter §7. With
reference to FIG. 11(a) and 11(b), the operation of the
counter 56 (or the counter 57) changes from one of the
up-count mode and the down-count mode to the other at the
moment of the occurrence of every rising edge 1n the output
signal of the comparator 2. Each time the operation of the
counter 56 (or the counter 57) changes from the down-count
mode to the up-count mode, the counted pulse number
provided by the counter 56 (or the counter 57) is reset to an
initial number equal to “0”. FIG. 11(c) shows an example of
the waveform of the BO output signal from the counter 56
(or the counter 57). With reference to FIG. 11(a), FIG. 11(b),
and FIG. 11(c), during a longer period of the output signal
of the comparator 2 which corresponds to a tecthless-area-
related period (a teethless-area-related interval), the counted
pulse number represented by the signal 1n one of the
counters 56 and 57 operating in the down-count mode
decreases to “0” so that the BO output signal therefrom
changes from a low-level state to a high-level state. When
the teethless-area-related period (the teethless-area-related
interval) ends, the operation of the counter in question
changes to the up-count mode and hence the related pulse
number increases from “0”. Accordingly, at this time, the
BO output signal returns to the low-level state. In this way,
one of the counters 56 and 57 outputs a high-level signal
during a later part of every teeth-area-related period (every
teethless-area-related interval). The high-level signal is
transmitted from the related counter to the delay circuit 60
via the OR circuit 58.
What 1s claimed 1s:
1. A waveform shaping apparatus comprising;

a) comparing means for comparing a sensor output signal
with a threshold voltage to convert the sensor output
signal mto a waveform shaped signal, and outputting
the waveform shaped signal; and

b) frequency-to-voltage converting means for generating
the threshold voltage 1n response to a frequency of the
output signal from the comparing means;

wherein the frequency-to-voltage converting means com-

PriSEs:

bl) clock signal generating means for generating a
clock signal 1n response to the output signal from the
comparing means, the clock signal having a period
proportional to a period of the output signal from the
comparing means;,

b2) first counting means for counting pulses 1n the
clock signal generated by the clock signal generating
means for every given period, and outputting a signal
representing a counted pulse number depending on
the frequency of the output signal from the compar-
Ing means;

b3) D/A converting means for converting the output
signal from the first counting means 1nto a voltage
signal which depends on the counted pulse number;
and

b4) means for generating the threshold voltage in
response to the voltage signal generated by the D/A
converting means.
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2. The waveform shaping apparatus of claim 1, wherein
the clock signal generating means comprises period mea-
suring means for measuring a period of the output signal
from the comparing means, and converting means for gen-
erating the clock signal 1n response to the period measured
by the period measuring means.

3. The wavetform shaping apparatus of claim 2, wherein
the period measuring means comprises edge detecting
means for detecting every edge 1n the output signal from the
comparing means, second counting means for counting
pulses 1 a fixed-frequency signal during a time interval
between moments at which a last edge and an 1mmediately
preceding edge are detected by the edge detecting means
respectively, the period measuring means being operative
for measuring the period of the output signal from the
comparing means 1n response to a counted pulse number
related to the second counting means.

4. The waveform shaping apparatus of claim 3, wherein
the period measuring means further comprises averaging
means for averaging a plurality of last counted pulse num-
bers related to the second counting means into an average
counted pulse number, the period measuring means being
operative for measuring the period of the output signal from
the comparing means 1n response to the average counted
pulse number.

5. The waveform shaping apparatus of claim 2, wherein
the sensor output signal 1s generated 1n response to rotation
of a rotatable member having teeth, and further comprising
missing-teeth detecting means for detecting a teethless areca
of the rotatable member 1n response to the output signal from
the comparing means, and means for inhibiting the period
measured by the period measuring means from being
updated when a teethless area 1s detected by the missing-
teeth detecting means.

6. The waveform shaping apparatus of claim 2, wherein
the converting means comprises third counting means for
counting pulses 1n a fixed-frequency signal having a period
shorter than the given period, and means for comparing the
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pertod measured by the period measuring means and a
counted pulse number related to the third counting means to
generate the clock signal.

7. A waveform shaping apparatus comprising:;

a) comparing means for comparing a sensor output signal
with a threshold voltage to convert the sensor output
signal 1into a waveform shaped signal, and outputting,

the waveform shaped signal; and

b) frequency-to-voltage converting means for generating
the threshold voltage 1in response to a frequency of the
output signal from the comparing means;

wherein the frequency-to-voltage converting means com-

Prises:

bl) clock signal generating means for generating a
clock signal 1 response to the output signal from the
comparing means, the clock signal having a period
proportional to a period of the output signal from the
comparing means;

b2) counting means for down-counting pulses in the
clock signal generated by the clock signal generating
means {rom an 1nitial value for every given period,
and outputting a signal representing a down-counted
pulse number depending on the frequency of the
output signal from the comparing means;

b3) a D/A converting means for converting the output
signal from the counting means 1nto a voltage signal,
the D/A converting means comprising means for
generating a given reference voltage;

b4) voltage-to-current converting means for converting
a voltage difference between the voltage signal and
the given reference voltage generated by the D/A
converting means into a corresponding current sig-
nal; and

b5) means for generating the threshold voltage in
response to the current signal generated by the
voltage-to-current converting means.
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